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Methods for the solution polymerization of diallylicdialkylammonium salts, initiated by species capable of generating free radicals, 
including the steps of providing a reaction mixture of a diallylicdialkylammonium salt and a chain-extending monomer in aqueous solution 
at concentrations effective to polymerize to form a polydiallylicdialkylammonium salt having a predetermined molecular weight; adding a 
free radical initiator to the reaction mixture; heating the reaction mixture with continuous stirring to a temperature greater than about 70 °C, 
so that the diallylicdialkylammonium salt and the chain-extending monomer polymerize to form a polydiallylicdialkylammonium salt; and 
recovering the polydiallylicdialkylammonium salt in aqueous solution; wherein the alkyl groups of the diallylicdialkylammonium salt and the 
polydiallylicdialkylammonium salt contain a total of from two to eight carbons atoms. Aqueous solutions of polydiallylicdialkylammonium 
salts prepared by the polymerization method, and methods for the separation of suspended particles from an aqueous medium with aqueous 
solutions of the polydiallylicdialkylammonium salts are also disclosed. 
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CHAIN EXTENDED CATIONIC POLYMER SYNTHESIS 
CROSS-REFERENCE TO RELATED APPLICATION 

The present application claims priority benefit of U.S. Provisional Patent 
Application Serial No. 60/062, 1 19 filed on October 1 5, 1 997. The present application also claims 
priority benefit of U.S. Patent Application Serial No. 09/053,813 filed April 2, 1998. The 
disclosures of both applications are incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates to methods for polymerizing 
diallylicdialkylammonium salts employing chain-extending monomers, in which the chain- 
extending monomer is added in the initial polymer charge. The present invention also relates to 
polydiallylicdialkylammonium salts preparedby the methods of the present invention, and methods 
of aggregating particles suspended in aqueous media using the polydiallylicdialkylammonium salts 
of the present invention. The present invention particularly relates to the polymerization of 
diallyldimethylammonium chloride (DADMAC) and the uses of this polymer. 

BACKGROUND ART 

Cationic polymers are used in a variety of applications, primarily for coagulating 
and flocculating fine particles in aqueous solutions. Among these, polymers of diallyldimethyl- 
ammonium salts are particularly efficient coagulants. Recent industry trends have been toward 
the production of higher molecular weight polydiallyldimethylammonium chlorides 
(polyDADMACs). In many cases, higher molecular weights leads to improved performance. 

The most common preparation of polydiallylicdialkylammonium salts is by 
solution polymerizing using free-radical initiators. Ammonium persulfate is a common initiator. 
Some properties of the diallylicdialkylammonium salt monomer are not well suited to 
polymerization to high molecular weight. Notably, hydrogen abstraction from the diallylic- 
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dialkylammonium salt monomer or from the po.ymer ean give ehain 
transfer, limiting moleclar weigh,. It has also been c.aimed that the 
chloride ion in DADMAC in particular can be oxidized by persulfate ion to 
give atomic chlorine, a potent chain terminator. For these reasons, 
potion of higher molecular weight polydiai.ylicdialkylammonium salts 

has proven difficult. 

Some standard methods of increasing the molecular wetght of 

potydiallyUcdialkylammonium sal* include raising me initial concentration 
of the diallylicdialkylammonium salt monomer and performs the 
polymerization a, lower temperatures. Both of these techniques increase the 
HWihood of chain propagation reactions relative to chain terminate or 
chain transfer reactions. Thus, the average molecular weigh, of tine po.ymer 
is increased. These techniques also lead to an increase in the 
the polymerizing mixture. Associated with this, there can be poor mtxtng 
and poor distribution of the free-radical initiator, leading to inconsistent 
ntolecular weight and the formation of color bodies or po.ymer gels. These 
are undesirable attributes in polymer produce. 

There are other types of polymerization in which this vtscostty 
problem does no, obtain. DiaUylicdialkylammonium salts can be po.ymenz- 
ed as a wa,er-in-oi, emu.sion. or as a suspension of monomer drop.et, In 
these cases, me deve.oping po.ymer is confined to individual droplets 
separated by an oleaginous phase. Entanglement of the polymer throughout 
the reaction medium, with its attendant stirring problems is no. observed. 

Another approach to making high molecular weigh, so.ul.on 
: polymers is copolymerization with small amoun* of monomers capable^ 
Jtip.e reaction. These added species are called crosshnkers or ch» 
extenders. They serve to increase the molecular weight of the pdymer by 
chemically linking severa, po.ymer chains, either during or after *e,r 
formation. In common usage, cross.inking often refers to situaUons where 
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multiple connections between polymer chains are formed, leading to 
insoluble polymer gels. When fewer of these interconnections are made, the 
process is sometimes referred to as chain extension. Here, the polymer 
attains a higher molecular weight, but its basic chemical properties do not 
differ greatly from those of the polymer that would be obtained in the 

absence of the chain extender. 

Chain extenders have been used in emulsion and suspension 
polymerization. Kerr et aL, U.S. Patent No. 5,653,886, have reported the 
use of chain extenders in emulsion polymerization including 
homopolymerization of DADMAC. Flesheretcl, U.S. Patent 
No. 4,950,725, have reported the use of chain extenders in emulsion 
polymerization including homopolymerization of DADMAC. 

In previously disclosed art (EP 264,710), W. Jaeger et aL 
have used chain extenders to produce higher molecular weight solution 
polyDADMACs. The procedures explicitly require that the chain extender 
be added to the polymerizing mixture through the course of reaction, 
beginning after a certain amount of conversion has occurred. A process 
wherein the chain extender need not be added throughout the course of the 
reaction would be highly desirable. 
20 SUMMARY OF THE INVENTION 

This need is met by the present invention. A process has been 
discovered whereby the chain extender can be added with the monomer in 
the initial polymer charge, avoiding the necessity of continuous feed. 

Therefore, according to one aspect of the present invention, a 
method is provided for the solution polymerization of diallylicdialkylam- 
monium salts, initiated by species capable of generating free radicals, which 

method includes the steps of: 

providing a reaction mixture of a diallylicdialkyl- 
ammonium salt and a chain-extending monomer in aqueous solution at 
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concentrations effective'* polymerize to form a polydiallylicdialkylammon- 
ium salt having a predetermined molecular weight; 

adding a free radical initiator to the reaction mixture; 
heating the reaction mixture with continuous stirring to 
a temperature greater than about 70«C, so that the diallylicdialkylammonium 
salt and the chain-extending monomer polymerize to form a polydiallylic- 

dialkylammonium salt; and 

recovering the polydiallylicdialkylammonium salt in 

aqueous solution; 

wherein the alkyl groups of the diallylicdialkyl- 
ammonium salt and the polydiallylicdialkylammonium salt contain a total of 

from two to eight carbon atoms. 

The method of the present invention is particularly 
advantageous in the preparation of higher molecular weight polyDADMAC 

15 from DADMAC. 

While not being bound by any particular theory, it is believed 

that the method of the present invention results in the formation of 
polydiallylicdialkylammonium salts with a unique polymer branching 
distribution because all of the chain-extending monomer is introduced at the 
beginning of the reaction. Because in Jaeger's polymerization, the cham 
extender is added later in the polymerization, the branches which are 
produced by the chain extender are in general of shorter length, giving those 
polymers different geometric properties from the polymers of the present 
invention. 

Therefore, according to another aspect of the present 
invention, polydiallylicdialkylammonium salts are provided, which are 
prepared by the method of the present invention. Such polydiallylicdialkyl- 
ammonium salts preferably have a bulk viscosity greater than about 
3,000 cps at about 20 percent solids, measured by a Brookfield viscometer 
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using a No. 4 spindle at 30 rpm and 25°C. The preferred polydiallylic- 
dialkylammonium salt is polyDADMAC. 

The unique branching of the polymers of the present invention 
makes them particularly suitable for the removal of suspended particles in an 
aqueous medium. Therefore, according to another aspect of the present 
invention, a method is provided for the separation of suspended particles 
from an aqueous medium, which method includes the steps of: 

adding an aqueous solution of a polydiallylicdialkyl- 
ammonium salt prepared by the method of the present invention to the 
aqueous medium in an amount effective to provide a polymer concentration 
of at least about 0.01 weight percent, so that agglomerates of the poly- 
diallylicdialkylammonium salt and the suspended particles are formed; and 

separating the agglomerates from the aqueous medium. 
Lower molecular weight species of the polydiallylicdialkyl- 
ammonium salt agglomerate the suspended particles by coagulation, while 
higher molecular weight species agglomerate the suspended particles by 
flocculation. Polymer species that are of intermediate molecular weight are 
believed to agglomerate the suspended particles by a hybrid coagulation- 

flocculation mechanism. 

The particle agglomeration method of the present invention can 
be used in a number of industrial processes, which include, but are not 
limited to, potable and wastewater clarification, oily water separation, 
sludge dewatering, mineral processing, including coagulation of fines and 
clarification of process water, in paper making as a retention aid, among 

25 other uses, and the like. 

In addition to particle coagulation and flocculation, the 

polydiallylicdialkylammonium salts of the present invention may also be 

applied to the other well-known end uses for polyDADMACs. Such end 

uses include, but are not limited to, textile dye binders and dye thickeners, 
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personal care applications, including shampoos, hair and skin conditioners, soaps and lotions, 
conductive coatings for paper, and the like. 
5 Therefore, according to another aspect of the present invention, substrates are 

provided coated with a layer of polydiaUyUcdialkylammonium salt prepared by the method of the 
present invention. The present invention also includes a method for preparing a coated substrate 
by forming on the substrate a layer of the aqueous solution of the polydiaUyUcdialkylammonium 
salt prepared by the method of the present invention; and drying the layer. Paper is a particularly 

10 preferred substrate. 

Other features of the present invention will be pointed out in the following 
descriptions and claims, which disclose the principles of the invention and the best modes which 
are presently contemplated for carrying them out. 

15 BEST MODES OF CARRYING OUT THE INVENTION 

The present invention incorporates the discovery that in 
polydiaUyUcdialkylammonium sate polymerization processes employing chain-extending agents, 
the chain-extending agent can be added with the diallylicdialkytomm°™"»' salt monomer m the 
20 initial polymer charge, avoiding the necessity of continuous feed. In order to add efieOve 
amounts of chain-extending agents in the initial polymer charge without giving nse to 
unacceptable amounts of insoluble gel, it has been found that polymerization at elevated 
temperatures is required. For purposes of the present invention, polydiaUyUcdialkylammomum 
salts are defined as copolymers of a diallylicuialkyl^mouium salt with a cha.n-extend.ng 

25 monomer. 

Theprocessofthepresentinventionpolymerizesdiallylicdial^ 

having alkyl groups with a total of from two to eight carbon atoms to form the corresponding 
polydiallylicdialkylammonium salts. For purposes of the present invention, the allylic 
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groups of the anfmonium salts are defined as alkyl or aralkyl groups having 
from three to twelve carbon atoms and containing a site of ethylenic 
unsaturation separated from the ammonium nitrogen by a saturated carbon. 
Monomers in which both allylic groups are allyl groups are preferred. 
Monomers having a total of two alkyl carbon atoms are also preferred. 
Although chloride salts are more common, other anionic groups can be used 
so long as the anion does not interfere with polymerization. The preferred 
monomer is DADMAC, which polymerizes to form poly D ADM AC. 

Any monomer capable of participating in two independent 
polymerization chain reactions can, in principle, serve as the chain- 
extending monomer. These monomers are typically characterized by having 
two or more independent sites of ethylenic unsaturation, which is in contrast 
to diallylicdialkylammonium salts, which have two sites of ethylenic 
unsaturation that do not function independently. Instead, they react together 
15 in a cyclopolymerization, producing a dialkylpyrrolidinium ring 
incorporated in a single polymer chain. 

Preferred chain-extending monomers are diallylicammonium 
salts with further sites of ethylenic unsaturation. Particularly preferred 
species include triallylmethylammonium chloride, triallylammonium 
20 chloride, tetraallylammonium chloride and N,N,N\N'-tetraallyl(l,2)- 
ethylenediammonium chloride. Again, while chloride salts are more 
common, other anionic groups can be used so long as the anion does not 
interfere with polymerization. For example, triallylammonium acetate can 
be used in place of triallylammonium chloride. 
25 Many other types of chain-extending monomers can also be 

used. Examples of other chain-extending monomers include, but are not 
limited to, acrylamides such as methylene bisacrylamide, acrylate and 
methacrylate esters such as ethylene glycol diacrylate or ethylene glycol 
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dimethacrylate, allyl compounds such as N,N'-diallyltartardiamide, and 
hybrid compounds such as allyl methacrylate. 

Between about 35 and about 70 weight percent, and preferably 
between about 50 and about 60 weight percent, of a diallylicdialkyl- 
5 ammonium salt in aqueous solution is charged to a reactor with a small 
amount of the chain-extending monomer, typically between about 0.05 and 
about 3 percent by weight based on the charge of the diallylicdialkyl- 
ammonium salt, and preferably between about 0.10 and about 1.0 percent 
by weight. The chain-extending monomer can be in the form of a solid, 

10 neat liquid or aqueous solution. 

The monomer concentration is adjusted to an appropriate 
amount by adding water or by removal of water. Among other factors, the 
monomer concentration is a determinant of the molecular weight of the 
polymer to be produced. The relationship between monomer concentration 

15 and molecular weight is well known to those skilled in the art, without 
undue experimentation. 

The reactor charge is then deoxygenated. Polymerization is 
initiated by a free-radical initiator. Initiators may be fed through the course 
of the polymerization or introduced in one charge to begin polymerization. 

20 Suitable initiators include persulfate salts, azo compounds, organic 
peroxides and peresters, and hydrogen peroxide. In addition, two- 
component systems, often called redox systems, can be used. In these 
systems, the interaction of the two components produces free radicals which 
can initiate polymerization. An example of a redox system is sodium 

25 bromate and triethanolamine. For redox initiation systems, both 
components may be fed to the reactor, or one may be fed while the other is 
charged in its entirety before the beginning of polymerization. 

The reaction mixture is mixed while the polymerization 
occurs. If needed, water can be added to dilute the polymerizing mixture so 
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that mixing is improved. In the case of initiators like persulfate salts, whose 
decomposition products are acidic, it may be necessary to adjust the pH 
during the course of the polymerization by adding an alkaline solution. The 
pH is preferably maintained between about 4 and about 7. 
5 The polymerizing mixture is heated to ensure thorough 

mixing. The mixture should be heated to at least about 70°C, and 
preferably to temperatures above about 95°C. The polymerizing mixture 
can be heated to its reflux temperature. 

Upon completion of the reaction, the resulting polymer may be 

10 diluted by the addition of water, or concentrated by the removal of water, to 
a desired solids concentration. Residual monomer content can be reduced 
by post-treatment with reagents such as sodium bisulfite. The pH of the 
polymer solution can be adjusted to a desired value. The foregoing process 
steps are well known to those of ordinary skill in the art. 

15 Another feature of the present invention is that the chain- 

extending monomer may be formed in situ by adding triallylamine to the 
monomer charge, followed by neutralization with an acid. For example, 
triallylammonium chloride may be prepared in situ by addition of 
triallylamine with the monomer charge, followed by neutralization with 

20 hydrochloric acid. 

The polymerization process yields aqueous polymer solutions 
having polymer molecular weights expressed in terms of bulk viscosity of at 
least 3,000 cps at about 20 percent solids, measured by a Brookfield 
viscometer using a No. 4 spindle at 30 rpm and 25°C. Viscosities ranging 

25 between about 3,400 and about 5,000 cps at 20 percent solids, measured in 
the same manner, have been obtained, and viscosities of at least about 
6,000 cps at 20 percent solids are capable of being obtained through the 
routine optimization of reaction parameters. 
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f^olymer solutions in accordance with the present invention 
typically have a solids concentration of between about 10 and about 
30 weight percent. A solids concentration of about 20 weight percent is 
preferred. The polymer solutions exhibit an intrinsic viscosity between 
5 about 1 dL/g and 2 dL/g. The solutions have a Huggins constant between 
about 0.3 and about 0.7. 

The present invention includes methods by which suspended 
particles are removed from aqueous media with the polymer solutions of the 
present invention through agglomeration. As noted above, depending upon 
10 the polymer molecular weight, the agglomeration is obtained by either 
coagulation, flocculation, or a combination of the two mechanisms. 

For purposes of the present invention, the particles to be 
removed by the polymer solutions of the present invention include solid 
particles such as minerals, cellulosic or insoluble organic materials. Thus, 
15 the polymers of the present invention may be used for such uses as potable 
or waste water clarification, sludge dewatering, mineral processing, paper 
making or other such uses as are well known to those skilled in the art. 

For purposes of the present invention, the particles to be 
removed by the polymer solutions of the present invention include fine 
20 droplets of non-polar organic materials, such as oils, the suspension of 
which in an aqueous medium is commonly referred to as an emulsion. 
Stated another way, the polymer solutions of the present invention can be 
used to demulsify emulsified oil and water mixtures. 

The particle removal by agglomeration is performed using 
25 essentially conventional coagulation or flocculation techniques that are well 
known to those of ordinary skill in the art. The polymer solution is added to 
the aqueous media in an amount effective to provide a polymer 
concentration between about .005 and about 1 weight percent, and 
preferably between about 0.01 and about 0.1 weight percent. The 
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£ A :les are permitted to form polymer agglomerates. The 

aqueous medium may be agitated to increase the contact between the 
polymer in solution and the suspended particles. For the purposes of 
particle removal by agglomeration, polymers like those described in the 
5 present invention are often used in combination with other known coagulants 
and/or flocculants. 

For purposes of the present invention, coagulation is defined 
as the neutralization of surface charge on particle surfaces, which charge 
causes the particles to repel each other rather than associating into larger 

10 particles which can more easily be separated. Flocculation is defined as an 
agglomeration mechanism by which individual higher molecular weight 
polymer molecules bind to multiple particles in suspension. 

The flocculated agglomerates obtain a particle size that readily 
precipitates from the aqueous media, so that aqueous media essentially free 

15 of suspended particles may be recovered simply be decanting the supernatant 
liquid. Agglomerates formed by coagulation, on the other hand, are of a 
smaller particle size and do not precipitate so readily. More advanced 
separation techniques are employed to separate the agglomerates from the 
aqueous media, such as centrifugation, admixture of other solids such as 

20 clays or silica to bind the agglomerates, increasing their size and ease of 
separation, and the like. These techniques are well known to those of 
ordinary skill in the coagulation art, and may also be employed to accelerate 
the precipitation of flocculated agglomerates. 

While not wishing to be bound by any particular theory, we 

25 conjecture that the crosslinking agent enters into polymerization along with 
the diallylicdialkylammonium salt, but that even after adding to a growing 
polymer chain it still retains a site of ethylenic unsaturation. This site can 
undergo a second polymerization at a later time, linking two polymer 
chains, or providing a branch point from which two or more extensions of 
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«> • • • 
ains can grow, thereby increasing molecular weight and 

polymer branching. The molecular weight of the final polymer will be 

governed by the molecular weights of the polymeric segments before their 

joining at the chain-extending sites and by the number of such joints that are 

5 made. Use of this theory can guide those skilled in the art to designing 

effective polymerization conditions for the production of polymers useful in 

the applications noted above. 

The following non-limiting examples set forth hereinbelow 

illustrate certain aspects of the invention. All parts and percentages are by 

10 weight, unless otherwise noted, and all temperatures are in degrees Celsius. 
DADMAC was obtained from CPS Chemical Co., Inc. of Woodbridge, 
New Jersey. Triallylamine (TAA) was obtained from Celanese Chemical 
Co. VERSENE 100 was obtained from Dow Chemical Co. The 
hydrochloric acid and caustic were obtained from Chemtech Industries of 

15 St. Louis. The ammonium persulfate was obtained from Samirian 
Chemical Co. of Cupertino, California. The reagents were of commercial 
grade and were used as received. 

EXAMPLES 

EXAMPLE 1 

20 A reactor was charged with the following reagents in the order 

given: 198 lbs. of monomer DADMAC (65 percent aqueous solution), 
28 lbs. of deionized water, 0.32 lbs. of triallylamine and 0.16 lbs. of 
VERSENE 100 (40 percent aqueous ethylenediaminetetraacetic acid). The 
pH of the mixture was adjusted to 4.5 with 36 percent hydrochloric acid. A 

25 nitrogen sparge of 30 SCFH was begun, and the mixture was heated to 
95 °C while being agitated. A condenser was used to return any evaporated 
water to the reactor. After the reactor was at temperature, the nitrogen 
sparge was reduced to 5 SCFH with a 5 SCFH purge across the headspace. 
Ammonium persulfate (APS), as a 10 percent aqueous solution, was fed to 
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the reactor to initiate polymerization. Addition was to the surface of the 
stirred mixture. Initiation took place in three stages with different feed 
rates: 

First Feed 0. 15 % (wt APS/wt monomer DADMAC) over 1 80 minutes 
5 Second Feed 0. 15% (wt APS/wt monomer DADMAC) over 60 minutes 
Third Feed 1 .2 % (wt APS/wt monomer DADMAC) over 60 minutes 
Beginning midway through the second feed, a 0.47 percent caustic solution 
was co-fed with the APS. A total of 55 lbs. of this solution was fed over 
90 minutes. Caustic addition was below the surface of the stirred mixture. 
10 At the end of the third feed, the polymerization mixture was diluted by 
addition of 80 lbs. of deionized water, fed over a 30-minute interval. 

By this process was produced a polymer with a Brookfield 
viscosity of 3,450 cps at 20.2 percent solids, measured using a No. 4 
spindle at 30 rpm and 25°C, and having an intrinsic viscosity of 1.53 dL/g 
15 and Huggins constant 0.52. The residual monomer content was 2.7 percent. 
EXAMPLE 2 

200 lbs. of monomer DADMAC (64 percent aqueous 
solution), 24 lbs. of deionized water, 0.32 lbs. of triallylamine, and 
0.16 lbs. of VERSENE 100 were reacted as in Example 1. At the end of 

20 the third feed, the polymerization mixture was diluted by addition of 
180 lbs. of deionized water, fed over a 30-minute interval. By this process 
was produced a polymer with a Brookfield viscosity of 4,600 cps at 
20.5 percent solids, measured using a No. 4 spindle at 30 rpm and 25°C, 
and "having an intrinsic viscosity of 1.48 dL/g and Huggins constant 0.62. 

25 The residual monomer content was 4.0 percent. 
EXAMPLE 3 

197 lbs. of monomer DADMAC (64 percent aqueous 
solution), 32 lbs. of deionized water, 0.13 lbs. of triallylamine and 0.16 lbs. 
of VERSENE 100 were reacted as in Example 1, except that the pH of the 
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mixture was adjusted to 6.2 with 36 percent hydrochloric acid, and the mixture was heated to 
70°C while being agitated. 

At the end of the third feed, the polymerization mixture was diluted by addition 
of 80 lbs. of deionized water, fed over a 30-minute interval. By this process was produced a 
5 polymer with a Brookfield viscosity of 2,740 cps at 20.1 percent solids, having an intrinsic 
viscosity of 1.38 dL/g and Huggins constant 0.38. The residual monomer content was 4.2 
percent. 

The foregoing examples demonstrate that at similar concentrations of chain 
extender, higher molecular weight polymers can be obtained by raising the initial polymer 
10 concentration and that lowering the amount of chain extender results in a lower molecular weight 
polymer. In these examples, all of the chain extender is charged before polymerization is initiated. 
The viscosities of the polymers in examples one and two (at comparable levels of polymer solids) 
are higher than those of commercially available polyDADMACs prepared by solution 
polymerization. 

15 The foregoing examples and description of the preferred embodiment should be 

taken as illustrating, rather than as limiting, the present invention as defined by the claims. As will 
be appreciated, numerous variations and combinations of the features set forth within the 
foregoing description and examples can be utilized without departing from the present invention. 

20 STATEMENT OF INDUSTRIAL APPLICABILITY 

The polymers of the present invention are commercially useful as flocculants and 

coagulants. 
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CLAIMS : 

1. A method for the preparation by solution polymerization of a 
polydiallylicdialkylammonium salt having a predetermined molecular weight, initiated by species 

5 capable of generating free radicals, characterized by: 

providing a reaction mixture of diallylicdialkylammonium salt and a chain- 
extending monomer in aqueous solution at concentrations effective to polymerize to form a 
polydiallylicdialkylammonium salt having a predetermined molecular weight; 

adding a free radical initiator to said reaction mixture; 
10 heating said reaction mixture with continuous stirring to a temperature 

greater than about 70 °C, so that said diallylicdialkylammonium salt and said chain-extending 
monomer polymerize to form a polydiallylicdialkylammonium salt; and 

recovering said polydiallylicdialkylammonium salt in aqueous solution; 
wherein the alkyl groups of said diallylicdialkylammonium salt and said 
15 polydiallylicdialkylammonium salt contain a total of from two to eight carbon atoms, 

2. The method of claim 1, characterized in that the alkyl groups of said 
diallylicdialkylammonium salt and said polydiallylicdialkylammonium salt contain one carbon atom 
each. 

20 

3 . The method of claim 2, characterized in that said diallylicdialkylammonium 
salt and said polydiallylicdialkylammonium salt are chloride salts. 

4. The method of claim 1 , characterized in that said diallylicdialkylammonium 
25 salt and said polydiallylicdialkylammonium salt are chloride salts. 

5. The method of claim 1, characterized in that both allylic groups of said 
diallylicdialkylammonium salt and said polydiallylicdialkylammonium salt are allyl groups. 

30 6. The method of claim 1 , characterized in that said chain-extending monomer 

is present in an amount between about 0.05 percent to about 3 percent by weight based on the 

amount of said diallylicdialkylammonium salt. 

15 
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7. The method of claim 1, characterized in that said chain-extending monomer 
is selected from the group consisting of triallylammonium salts, tetraallylammonium salts and 
N,N,N , ,N , -tetraallyl-(l,2)-ethylene-diammonium salts. 

5 8. The method of claim 1, characterized in that said chain-extending monomer 

is prepared in situ by the addition of triallylamine to said reaction mixture followed by 
neutralization with an acid. 

9. The method of claim 8, characterized in that said triallylamine is neutralized 
10 with hydrochloric acid to form traillylammonium chloride. 

10. The method of claim 1, characterized in that said free radical initiator is a 

persulfate salt. 

15 ii. The method of claim 1, characterized in that said free radical initiator is an 

azo compound. 

12. The method of claim 1, characterized in that said free radical initiator is 
added all at once at the beginning of the reaction. 

20 

13. The method of claim 1, characterized in that said free radical initiator is 
added in portions throughout the course of the reaction. 

14. The method of claim 1, characterized in that said free radical initiator is 
25 added continuously throughout the course of the reaction, 

1 5 . The method of claim 1 , characterized in that said reaction mixture is heated 
to a temperature greater than about 95°C. 

30 
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16. The method of claim 1, characterized in that said heating step comprises 
feeding an alkaline solution to said reaction mixture to maintain the pH of said reaction mixture 
between about 4 and 7 throughout the polymerization of said diallylicdialkylammonium salt and 
said chain-extending monomer to form said polydiallylicdialkylammonium salt. 

5 

17. An aqueous solution of a polydiallylicdialkylammonium salt characterized 
by being prepared by the method of claim 1. 

18. The aqueous solution of claim 17, characterized in that said 
10 polydiallylicdialkylammonium salt is a polydiallyldimethylammonium salt. 

19. The aqueous solution of claim 18, characterized in that said 
polydiallylicdimethylammonium salt is a chloride salt. 

15 20. The aqueous solution of claim 17, characterized in that said 

polydiallylicdialkylammonium salt is a chloride salt. 

21. The aqueous solution of claim 17, characterized by about a 20 percent 
solids content and having a bulk viscosity greater than about 3,000 cps measured by a Brookfield 

20 viscometer using a No. 4 spindle at 30 rpm and 25°C. 

22. A method for the separation of suspended particles from an aqueous 

medium, characterized by: 

adding the aqueous solution of the polydiallylicdialkylammonium salt of 
25 claim 17 to said aqueous medium in an amount effective to provide a polymer concentration of 
at least about 0.01 weight percent, so that agglomerates of said polydiallylicdialkylammonium salt 
and said suspended particles are formed; and 

separating said agglomerates from said aqueous medium. 

30 23. The method of claim 22, characterized in that said 

polydiallylicdialkylammonium salt is a polydiallyldimethylammonium salt. 
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24. The method of claim 23, characterized in that said 
polydiallylicmethylammonium salt is a chloride salt. 

25. The method of claim 22, characterized in that said 
polydiallylicdialkylammonium salt is a chloride salt. 

26. The method of claim 22, characterized in that said 
polydiallylicdialkylammonium salt agglomerates said suspended particles by coagulation. 

27. The method of claim 22, characterized in that said 
polydiallylicdialkylammonium salt agglomerates said suspended particles by flocculation. 

28. The method of claim 22, characterized in that the agglomerates are 
separated from said aqueous medium by precipitating said agglomerates, and method further 
includes the step of decanting the supernatant liquid essentially free of suspended particles. 

29. The method of claim 22, characterized in that said suspended particles in 
said aqueous medium form an oil-in-water emulsion. 

30. The method of claim 22, characterized in that said method further 
comprises the step of adding a second coagulant or flocculant to said aqueous medium. 

31. A substrate coated with a layer of a polydiallylicdialkylammonium salt 
characterized by being prepared by the method of claim 1. 

32. A method for preparing a coated substrate characterized by forming on said 
substrate a layer of the aqueous solution of the polydiallylicdialkylammonium salt of claim 171 and 
drying said layer. 



33. A coated substrate characterized by being prepared by the method of claim 

32. 
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